Two menaquinone-deficient and one aromatic-deficient mutants of Staphylococcus aureus were unable to reduce nitrate to nitrite. Reinitiation of menaquinone synthesis in the aromatic-deficient mutant by growing it with shikimic acid restored its nitrate respiratory activity. The results clearly demonstrate a role for menaquinone in nitrate respiration in Staphylococcus aureus.
Menaquinones or vitamins K2 are components of the respiratory chain in many bacteria (1, 3, 6, 7, 11, 12, 16) . They play an essential role in gram-positive bacteria, where ubiquinone is absent (1, 7, 11) . When both quinones are present (e.g., Escherichia coli and Proteus vulgaris, cf. 2), ubiquinone plays the major role in the respiratory process (5, 12) . The site of quinone action in the electron transport chain of various organisms has been shown to be between the dehydrogenases and cytochromes b (6, 12) .
Many facultative anaerobic bacteria can reduce nitrate in the absence of oxygen, and it has been demonstrated that ubiquinone is involved in this process in gram-negative bacteria (8, 9) . We are not aware of any report concerning the possible participation of menaquinone in nitrate reduction in gram-positive bacteria. On the other hand, most of the earlier work on quinone function has been done by extraction (or inactivation) and reconstitution experiments (1, 6, 8, 9, 11, 12) , and respiratory-deficient mutants have rarely been used (5) . Therefore, in the present study we attempted to investigate the role of vitamin K2 in nitrate respiration by using several menaquinone-deficient mutants of Staphylococcus aureus. The results we obtained indicate that in S. aureus, menaquinone is indeed involved in nitrate respiration.
The strains of S. aureus used are listed in Table 1 . SASW11 in an aromatic-deficient (Aro-) mutant unable to synthesize menaquinone unless shikimic acid is added to the medium (4, 14) . In the other mutants, menaquinone synthesis is blocked at a later step, and growth of the mutants is not stimulated by shikimic acid (14) . The mutants were selected with neomycin according to a technique described previously (14) .
Bacteria were grown on brain heart infusion broth (Difco) supplemented with 1% glucose and 0.05% KNO3. When necessary, shikimic acid (1 mg/ml) was added to the growth medium. Media were inoculated with a heavy inoculum (-5%) and incubated at 37 C in anaerobiosis. Bacteria were harvested at a late logarithmic phase and washed twice with cold 0.05 M phosphate buffer (pH 7.0).
Nitrate respiration was carried out with intact bacteria in a system containing 5 mg (dry weight) of bacterial cells, 250 Amol of dextrose, 50 Mmol of KNO3, and 0.05 M phosphate buffer (pH 7.0) in a total volume of 5 ml. The samples were incubated for various intervals at 37 C in anaerobiosis. At the end of the incubation period, the samples were refrigerated and centrifuged. Nitrite in the supernatant was determined by a colorimetric method by using sulfanilamide and N-(1-naphthyl)-ethylene-diamine-dihydrochloride as described by Snell and Snell (15 nitrate respiration in the mutant to almost the same level as that of the wild type. Some differences still persist between the two strains, but this might be due to the slow uptake of shikimic acid by S. aureus. This interpretation is suggested by the high concentration of shikimic acid required for a maximal effect in S. aureus and by the delayed onset of the growth stimulatory effect on solid media (unpublished data).
Thus, both conditions required to ascertain the role of a component in the electron transport chain (10) are fulfulled: there is no electron transport in the absence of menaquinone, and reinitiation of its synthesis restores the electron transport. Therefore, it can be concluded that the experiments performed with menaquinonedeficient mutants of S. aureus clearly demonstrate a role for menaquinone in nitrate respiration. 
